The flower buds of Panax (P.) ginseng C. A. MEYER (Araliaceae) have been used as an exhilarant and tonic in the form of health tea in traditional Chinese medicine. As the chemical constituents of ginseng flower, several dammaranetype triterpene glycosides were previously isolated, 2,3) but chemical and pharmacological studies on the bioactive constituents from the flower buds of P. ginseng were uncharacterized. Recently, we have reported the isolation and structural elucidation of dammarane-type triterpene diglycosides and triglycosides named floralginsenosides A-Lb together with 17 known dammarane-type triterpene glycosides including ginsenoside Rd (5) and ginsenoside Re (6). 4, 5) As a continuing study on the bioactive constituents of medicinal flowers, 1,4-10) the saponin fraction (n-BuOH-soluble fraction) and ethyl acetate fraction from the flower buds of P. ginseng was found to show protective effects on ethanol-induced gastric mucosal lesions in rats [inhibition (%) at 250 mg/kg, p.o.ϭ 63.0, 86.8, respectively]. From the oligoglycoside fraction, new dammarane-type triterpene tetraglycosides termed floralginsenosides M (1), N (2), O (3), and P (4) were isolated. This paper deals with the isolation and structural determination of four new floralginsenosides (1-4) as well as the gastroprotective effects of the principal dammarane-type triterpene glycosides, ginsenoside Rd (5, protopanaxadiol 3,20-Obisdesmoside) and ginsenoside Re (6, protopanaxatriol 6,20-O-bisdesmoside).
Isolation of Floralginsenosides
The saponin (n-BuOHsoluble) and EtOAc fractions 4) from the methanolic extract of the flower buds of Chinese P. ginseng inhibited ethanol-induced gastric mucosal lesions in rats, as shown in Table 1 . The saponin fraction was subjected to normal-phase and reverse-phase silica gel column chromatography to give nine fractions. Major fractions 6 and 7 were separated by reversephase silica gel column chromatography followed by HPLC to afford floralginsenosides M (1, 0.0023% from the dried flower buds), N (2, 0.0016%), O (3, 0.0055%), and P (4, 0.0090%) together with ginsenoside Rd (5, 1.3%) 12) and ginsenoside Re (6, 2.6%). 13) Structures of Floralginsenosides Floralginsenoside M (1) was isolated as a white powder with negative optical rotation ([a] D 26 Ϫ2.3°in MeOH). The IR spectrum of 1 showed strong absorption bands at 3470 and 1076 cm Ϫ1 , suggestive of the oligoglycosidic structure, and a weak band at 1655 cm Ϫ1 due to an olefin group. In the positive-ion fast atom bombardment (positive-ion FAB)-MS of 1, a quasimolecular ion peak was observed at m/z 1101 (MϩNa) Acid hydrolysis of 1 with aqueous hydrochloric acid (HCl, 1.0 M) liberated L-arabinose, D-glucose, and L-rhamnose, which were identified in HPLC analysis using an optical rotation detector. 14, 15) The 1 H-NMR (pyridine-d 5 ) and 13 C-NMR (Table 2 ) spectra of 1, which were assigned in various NMR experiments, 16) showed signals assignable to an aglycon part [ C-NMR spectra of 1 were found to be superimposable on those of 20(S)-protopanaxatriol 6,20-bisdesmosides, 13, 20) while the carbon signals due to the 6-and 20-O-glycoside moieties were similar to those of ginsenoside Rg 2 21) and -F 5 , 22) respectively. The structure of 1 was characterized using 1 Ϫ in negative-ion FAB-MS. The molecular formula C 53 H 90 O 22 of 2 was determined from the quasimolecular ion peak and based on high-resolution MS measurement. The acid hydrolysis of 2 liberated L-arabinose, D-glucose, and L-rhamnose, which were identified in HPLC analysis using an optical rotation detector. 14, 15) The 1 H-NMR (pyridine-d 5 ) and 13 Fig. 1 . This evidence led us to formulate the structure of floralginsenoside N (2) as shown.
C-NMR (
Floralginsenoside O (3) was also obtained as an amor- phous powder with positive optical rotation and was shown to possess a hydroperoxide group based on its positive response to the N,N-dimethyl-p-phenylenediammonium dichloride reagent. 23) The IR spectrum of 3 showed absorption bands at 3415, 1686, and 1083 cm Ϫ1 assignable to hydroxyl, olefin, and ether groups, respectively. In positive-ion FAB-MS of 3, a quasimolecular ion peak was observed at m/z 1133 (MϩNa) 13 C-NMR spectrum of 3 were superimposable on those ginsenoside Rc, 24) except for the signals due to the side chain part (C-22-C-27), which were similar to those of notoginsenoside-E 25) and -K. 26) On the basis of this evidence and detailed examination of 1 H-1 H COSY and HMBC experiments (Fig. 1) , the structure of floralginsenoside O (3) was determined as shown.
Floralginsenoside P (4), obtained as an amorphous powder with positive optical rotation, exhibited absorption bands assignable to hydroxyl, olefin, and ether functions, respectively, in the IR spectrum. The molecular formula C 53 13 C-NMR spectra of 4 resembled those of protopanaxatriol glycosides, 27, 28) while the signals due to the oligoglycoside moieties were similar to those of protopanaxadiol 3,20-bisdesmosides [ex. ginsenoside Rb 2 (9)].
24) The position of the glycoside linkages were determined in an HMBC experiment, which showed long-range correlations between the following protons and carbons: H-1Ј and C-3; H-1Љ and C-2Ј; H-1ٞ and C-20; H-1ЉЉ and C-6ٞ (Fig. 1) . Finally, based on detailed examination of the Protective Effects of Principal Glycoside Constituents (Ginsenoside Rd, Re) on Ethanol-and Indomethacin-Induced Gastric Mucosal Lesions in Rats Previously, we reported that several oleanane-type triterpene saponins, [29] [30] [31] [32] steroid saponins, 33) sesquiterpenes, 34, 35) phenylpropanoids, 36) amides, 37) and isothiocyanates 38) showed gastroprotective effects in several experimental models. On the other hand, Zhang et al. reported that the saponin fraction and a principal constituent, ginsenoside Re (6), from the flower of P. ginseng showed antiulcer effects on reserpine-induced gastric lesions in rats. 39) However, the antiulcer effects of ginsenoside Rd (5) remained uncharacterized. To compare the protective effects of ginsenosides Rd (5) and Re (6), both which are principal constituents from this flower, the protective effects of 5 and 6 on ethanol-and indomethacin-induced gastric mucosal lesions in rats were also examined. Ginsenoside Rd (5, protopanaxadiol 3,20-O-bisdesmoside) showed significant protective effects [inhibition (%) at 100 mg/kg, p.o.ϭ57.6, 52.1, respectively] on ethanol-and indomethacin-induced gastric lesions in rats ( Table 3 ). The effect of 5 on ethanolinduced gastric lesions was equipotent to that of a reference compound, cetraxate hydrochloride. 33) On the other hand, ginsenoside Re (6, protopanaxatriol 6,20-O-bisdesmoside) tended to inhibit ethanol-induced gastric lesions in rats [inhibition (%) at 100 mg/kg, p.o.ϭ33.0], but not significantly. Furthermore, compound 6 did not inhibit indomethacin-induced gastric lesions. These findings suggest that the princi- pal gastroprotective constituent of this flower is ginsenoside Rd (5) in our animal models, although the gastroprotective effects of minor constituents of this flower should be studied further.
Experimental
The following instruments were used to obtain physical data: specific rotations, Horiba SEPA-300 digital polarimeter (lϭ5 cm); IR spectra, Shimadzu FTIR-8100 spectrometer; FAB-MS and high-resolution MS, JEOL JMS-SX 102A mass spectrometer; 1 H-NMR spectra, JEOL EX-270 (270-MHz), JNM-LA500 (500-MHz), and JEOL ECA-600K (600-MHz) spectrometers; Effect on Ethanol-or Indomethacin-Induced Gastric Mucosal Lesions in Rats Acute gastric lesions were induced by oral administration of ethanol and indomethacin according to the method described previously. 31, [35] [36] [37] [38] Briefly, 99.5% ethanol and indomethacin (20 mg/kg, dissolved in 5% sodium bicarbonate, and then diluted in water and neutralized with HCl 0.2 M and adjusted to 1.5 ml/rat) were administered to 24-26-h fasted rats using a metal orogastric tube. One hour after administration of ethanol or 4 h after administration of indomethacin, the animals were killed by cervical dislocation under ether anesthesia and the stomach was removed and inflated by injection of 1.5% formalin 10 ml to fix the inner and outer layers of the gastric walls. Subsequently, the stomach was incised along the greater curvature, the lengths of gastric lesions were measured as previously described, and the total length (mm) was expressed as a lesion index.
Statistics Values are expressed as meanϮS.E.M. For statistical analysis, one-way analysis of variance followed by Dunnett's test was used. Probability (p) values less than 0.05 were considered to represent a statistically significant difference.
